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Heavy water concentrations remarkably above the onondju 
natural water, any be obtained oy means of proper arrangemmts' 
from industrial water electrolysis plants, so that the obtmtlon 
ef 100/. heavy water is nude possible and comparatively 


in this paper we describe quantitatively such preconcen- 
tration. ^ .Ti: 


flam wat«r gghcentratloa la aa .lec trolurtlg coll. ? . j _ 

If hydrogen and oicygen produced in tax einot mi i r t ^ i 
for natuial water are made to combine with each other, m ey a- 
thetio water is obtained the D^Q concentration of wM^ | t 
below the one of the water left in the ceil, 3urlng electro- - 
lysis, H^O noleculac electrolizs at higher rate than the T>_>n 
aoleoulaj, so that by going on with the electrolysis* tha wutnr 
left in the cell progressively becomes richer in PyQj. .1 
trolytio cell behave 3 in fact in a selective manae*;,, 4*5 





the (constant) water contents in the cell, by ’A-elghi. .,( the 
very slight weight Increase due to the ina r eaq^ r w p* rc fl n r 
tage of D^O ie neglected)} 

the< constant) natural water flow (hy weight) r„*u! th. 


a »s> hvii^ vepnripfli : f - 

the (oonstant) concentration by weight of 3^0 in the na- 
tural water reedlng the 0.11, equal to the initial oensen- 
tratloa of 3^0 in the water of the cells 

. • ?-,MI;-*|RSeW li 

the average ( i ) instantaneous oonoentration by weight 
(variable as function of time) of 3,0 in the water of 
the oeUs 


'■ S‘ : UliipSis® 1 ft tv; 

weight oi' 3 ,0 in the 


tiie (oonatant) limit concentration b„ __ _ _ 

water Of the c el l , such limit being reached when time 
«iual« Infinites 

x^/x 9 the "concentration ratio" ; 


( 1 ) Such average is intended relative to tht various regions, 
in the oell, the concentration being variable in t he dif- 
ferent points. 



S n il 
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the (oonstant) fraction of flow P 0 whioh la not electro- 
Used and that is composed by* l) the losses on seoount 
of cnrtrflow or the like* 2) tvaporation. in the room apo- 
the steam and liquid water carried bj f r the 
s produoed gases: 

; I iillBiilSill! 11 § 

the "selection ratio" (> l) between the limit o onoentr a- 
tion x v and the concurrent D<>0 concentration S^heT^Ti- 
thetic water which would J>e obtained by oo.ub ^r^n j| *^ || 
electrolysis produced gases ( for low concentrations^ ¥ 
is praotioally independent from concentration] 


m 


time, calculated from the beginning of the cell's .ops- 
ration; 


the basis cf natural logarithms ( e ■» 2,7l2 .... 


If the quantities above defined are expre a¥ 
homogenous system of units, the heavy water balance during tl- 

^ *. * _ . , , . ' _ w . ■■■■. ■: r '-rmwoMM,*** gxm • 

me dt furnishes the inferential euu: tion 

_ : ZtmW/m.-M ; 



4 i?<£ 


A di « x # P, dt - x a 1' 0 dt - 


( l-o ) r 




lifts 


which, by integrating at the initial condition 

x - x # f#r t ■ e, 


gives the exponential e^u^tion 




X • X 


r - (r - 1) 


» t 
Ar 


in vhich r ( concentration ratio } ie represented by 


1 «■ a (s - 1) 

On th other hand, remembering that 


r*ftHS43-:T* 
$i - 

■i - : - 


ilttflili 


’1 


lira x 


r x. 


: m 


P x. 


we may write too 


t* e 


Iff- 'IjEiass 3531-. riV'E 
i!:|p 


X • X 


1 


- Cx t - X,) 


A x 


1 


The speed of concentration increase is given b, 


** * 0 


dt 


Ar 


( r - 1 ) 


Ar 
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and has its maximum value for t • 0, boin, 


>o 


r te-i 

L dt -I 



( r - 1 ). 


two 


At 


£% *1 




tg^Sp-fr-l) 


Fig. I 


■ tfOHli 



Fig. 1 represents th worked ou'- solution,. , 

tratlon hue reached value x lt wo may say, from the point of view 
of heavy water selection, that the cell has reached, i ff j*r fr£ fpi en * 



Sgfig water,_c e .noeritratxoi-i An a series of electronic - s 

Once the regimen has been, reaches, li t i j » p I # he the 
constant fraction oi* flow P e , which may be recovered fro m s teals 
and from liquid water carried by the electroly ais-produysiCS- 

ae e . : ;:r ’ 

The D^O concentration in the water -flow P, ...t he 

one in water contained in the cell ( 1 ; j its value is, lx’ 


*1 - rx„, If a second cell is fed with How I 1# said o 


w J * — .. i., 

of the same type as the first but of an output ro.ueuA 
ratio p of the flow, the second ceil, *ftex th.. re 
been reached, will on its turn yield a flow a p Pj 

C 1 


in which the D,0 concentration will be x , * r x„ » r 


(1) In the range of lor concentrations the LuTliie. of 

that the vapour tension of 3*0 is lower than thafpfj 
need not to be taken into account. 
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Xcu 8 proooo^lii^ t wc connect in a serijas n g-fcXXa 
( 1 ) of the eanie type, but of a flow deceasing by 

from the last cell the flow 

! miff 


p p. 


shall be obtained, having 






n 

jt v r* x 

n ° 


i;!b*ii 

— ■ 

•b a concentration, and the a ceils will iurniuh 8 T&3 Xmui 1 1 v 
a total ocnoontration ratio eqpal to r° . ( fi*.h!k 


„ mlllfll 

Calling tnc ratio b^-twjen th,. obtained h^avy wstar 
and the one fed to the ay 8 tarn ( eiui.cii.aey of the ItVIftlliMi} ■ it 

re suite* 

r~ Xo 

“ (pr) n . 


p“l>. 


‘ 1 - *£>: «g# » , *- *f 

f •< f: f; 


n. 


t t 


*. x. 


• ■ r of v .’ iw i gy ' t % 

;?■ 1 1:1.1111® If - 

Aa necessarily f i, therefore is pre i, whichever type 
the cells in question may be. 

: - ** 

finally, If Wj, is the electric power absorbed by the 

first cell, the total power T» absorbed by tue system of n 

OellS ifl ^.Mmm4 **** 

w " W 1 (1 + p ♦ p+ p*" 1 ). 


■i t 

If 


riifISBWICi 

The numb er a of necessary ceils to reach u* fiven rrm - 
oentration nay be obtained by fatablisiiing the ra inilTre vai hr 
of th total concentration ratio r ri . If we oail tni j Kg&±& k. 
it is 

. : n p^ffpprt 

n m t :ft iiriwaiif 

. a. 44. :.^|4p.i|: f | 


Us r 

and the number nearest to the resulting value of xv, jhaJLL.be 
oho sen, 

Tn ri£« 2 , if we take into consideration a 
place i , coefficients q, ijri t represent 


>: 4|ji3*ia»: I I 


<L the fraction of flow tj^^hlch is eiectrolized* ““ l '~ - j mg * 

”* : I lla 


*4;. -.I 

: i> £ rjfe' 



fill 


(l) r.ach "cell" thus defined may in practice be cons tituted by 
a number decreasing by ratio p of similar ‘ * 
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♦ th« tnutlon #f flow P** Which is lost on aoooun 

. & . _ . i • * * . . * * » 



I 

f ) rrsrflow or the like , ' 2 ) evaporation in the room apses 
maA 1) iffeloh cannot rtcoTerad from the steam ana the 
liquid wwter carried by the electroly siw-produceff’^s ^ 
the relation* 

p ♦ 1 + t ■ 1, 
p + t ■ a, 


f 




are mild. 




Recovery of feuteriun contained in the hydrogen produo 
oleotrolyeie . 



Let us imagine to bum the hydrogen produced bgr the 

firot, seoond, , r.-th celt. Pro jr 00 sively dcbroasl^ 

•mount a of water will be stained, given respective!^ F*’*“ 




q P 


1 


qp P 


0» 


4 * 



mi 

rrr 


• * 


the pro gre sivel/ increasing 1^0 concentrations o * v/hli 
he fur niched hi' the 



■^r*»-r«ft»vw»rr ’ri* 


r*. 


2 

r z. 


~.:«i i;- 


a a ’a s 

respectively. 

It is to be noticed 
said flows between one cclJ 




B 




■ fill 

tr t the concentration rn ti^ ' 
-nd the next is still r. 


im 


Having experimentally aacertained th t r a, water 
obtained by burning the hylrogen coming from the* firs^oeTTa 
would have a DgO concentration lower than the one o.^ ImTSSS 
water, ao that this synthetic water wold not be fit ?o feet 
any of the cells. 


•-W Ittaiti : 


It might be advantageous on t!i contrary, to 
hydrogen produced by the last ceils, for which 

r 1 a (i » a, n-1, ), 

and add the synthetic water thus obtained to the feedi 
thoae among the precedent ceils, which are fed with 
a DgO concentration equal to, or not rauch different 

Pig, 3 shows, as a function of the position 
the oells, the values of the concentrations 


iris- i 




V 


1 


{ i 


n-1, 
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fh 4 n-3 n-2 n-i n 


Fig.3. 






let uc imagine that the burning oi‘ hydrogen o omfft^ix nm 
the last two oellB n, n-1 has been decided upon. ^ os " yo^nt's A 
•nil B t whioh give the concentrations x^/b and - t /e correspond- 
ing to the synthetic- waters obtained from the two cells! 
draw horizontal lines A D t LK until the curve of concen tration s 
*i Is met in B and C. Ab on said curve point D nears y 

which rtpraaeata the concentrations mid point C ae are point 

B, which represents the concentration x a »j t it will be Oi al-^ 
vantage to supply the additional feeding “ttlTl'" 

— to the (n-l)-th cell with water obtained from hj drogsii of the 
a-th cell | 

- to the (n-i)-tu cell with water obtains 1 fro., h.-ira ^ . )r f the 

(a-1 )th cell, 

: ! till®!. I 

as shown in Pi j. 4. ! 

1 Li III®:, n 

She feeding of (n-l)th and (n-l)th calls is iff- 

creased, and by conse^uenoe the feeding of the nth o a"j| 

While before this added feeding to oelis (n-1 fth ~an d 
( n-2 ) th the flows deriving from th * combustion 0- hy Ir og en pro- 
duoed by calls nth and (n-l)th are respectively 


p .» 


after the added feeding has been provided, aaid flows <|a^ 
value 3 z, y which are obtained by .solving th-. equation® * ’ * 

(Fig. 4) * 
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{ y - qp (p n ” 3 I’, ♦ ») 

( 


( * - qp (p(p n ' 3 ?V b), 


that is to say 

( y 



Jk-Z 


r'Si •x-rwm -vm 


T. 


( 


( 


1-2 pq 
n-1 


-ww- 




I* 


: 4- 


1-2 pq 


i-rafe ■is. 1 '*#- 


til 








oi 


z- Mp(n^)] 


*[ « 


I: & 

: ■•: 


: 


|§i $=• 

I::, js 


p n3 ^°+y 




p[p(p n3 Po+y)+z] 1 \p’[p(p n %+p)+z] 


Fig.4. 


fix* output of the last cell will be 


» s • »“ r, 


( i ♦ 


AJBSl 



I k H; 

HI 


1 - ? p 4 


)• 


-■ i *l< 

s ster 


«•' piv 

: SSvf: 


ao that the final output increase obtained by burning the "hydro- 

_ , _ . , ■ . , . . . ■ ’tf 

g*n of the last two cells is ,~iren by 

O o*1 


r . ,*r. « — * 1— f 

a 9 • 1-2 pq 


■rr®v 

ii a: : 




ofailo ratio P^/p^P* comas from the 
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P**s 


a. . , ♦ J-a 


1-2 pq 


By ths same ratio the amount of produced 
increased, Insofar ns the additional feedinj does not: alter the 
concentrations in the least. 



As a sonasquence of this feeding, the three last: fells 
will absorb more power, according to the 3 amo ratio ab' ! fST , ?ci 

flows. ■— I—- 1-- 

If we oaH W If 4 , W the now absorbed power, It will "be* 
Vr*d' Bf-1* n 

p 

5 W T . S3 , * 

— w n-2 ^ 1 1-2 pq. ' n-2. 




W 


a-2 


P * 9 


n-1 




Uea 


lip 

lilt 


) W , 

pq ' n-i 




-(1+ ■ f-g j - ) w 

1*4 21 


IP : 


The system of n cell 3 will absoi'b, ?a a cones 

i i&SSte 


the additional feeling, more power, and precisely 

<V 2 - VP * <V, * VP * (r n - V * 


ttii 'i 


ft# «: 


t a-2 _ n-1 

(P ♦ 2 p ♦ 


2 p”> T= 


?. 


1-2 ff "1 * 


As an sffsot of additional f^e’ing the 
Of the system t alecs the value 


itiii 

■ ; mm a> m 




Cp( 




t> ’P 0 +y) ♦ O 


n 

r x. 


r «j- 


p e *, 


■ *iii- W1Wu& 


(„)*, LX^lvl 

vp/ 1-2 pq. 




1 


(1 * frk >• 
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and the efficiency increase is 

a ,** 1 

' ' w'm 




Lusion. 




” " ■ r- ■■ ■ . « • s a.giita M: i 

ltCLBCrOUS ®sa*iurr>ni«nt# taken over a bumbo r or year® 
in water eleQtrolysi® plant® have fully oonfirmed the apo nre ^ 
considerations. Caid measurement® have aleo poradttod tn '**«*tk» 

blilh the numeric values of the constants met with in this 

*’ * i it Ml'SHUM-' 2 . 

paper, ^ | 


la an electric oell a selection between H^O 




takes place. The behaviour of a single cell and the beh aviour 
Of a series of cells are successively examined. The recovery Of 
deuterium contained in thr* hydro.jxen produced by the last eeils 
of the series is considered too# 

•nacrous measurements have confirmed the aboVe 
descripted considerations. 
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